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Abstract. The extremely efficient process of resonant Compton upscattering by rel- 
ativistic electrons in high magnetic fields is believed to be a leading emission mecha- 
nism of high field pulsars and magnetars in the production of intense X-ray radiation. 
New analytic developments for the Compton scattering cross section using Sokolov & 
Ternov (S&T) states with spin-dependent resonant widths are presented. These new 
results display significant numerical departures from both the traditional cross section 
using spin-averaged widths, and also from the spin-dependent cross section that em- 
ploys the Johnson & Lippmann (J&L) basis states, thereby motivating the astrophysical 
deployment of this updated resonant Compton formulation. Useful approximate ana- 
lytic forms for the cross section in the cyclotron resonance are developed for S&T basis 
states. These calculations are applied to an inner magnetospheric model of the hard 
X-ray spectral tails in magnetars, recently detected by RXTE and INTEGRAL. Rela- 
tivistic electrons cool rapidly near the stellar surface in the presence of intense baths 
of thermal X-ray photons. We present resonant Compton cooling rates for electrons, 
and the resulting photon spectra at various magnetospheric locales, for magnetic fields 
above the quantum critical value. These demonstrate how this scattering mechanism has 
the potential to produce the characteristically flat spectral tails observed in magnetars. 



Recent observations reveal the presence of hard X-ray tails in the spec tra measured 



by INTEGRAL, RXTE, XMM a nd ASC A in Anomalous X-ray Pulsars ( iKuiper et al. 



(|2004 l2006h: Iden Hartog. et all (l2008a|lbh) as well as in Soft Gamma-ray Repeate rs 
dMereghetti et all d2005h : lMoikov et ai1T2005h : iGotz et all (l2006h : iRea et all d2009h \ 
Resonant Compton scattering (RCS) is an efficient mechan ism that may interpret thes e 

observations. RCS has been studied by s everal group s (Evutikov & Gavriill (l2006h: 

Rea et alJd2008h : tearing & Hardind(l2007h : lNobili end] d2008h : tearing. Wadiasingh. & Gonthier 
(1201 lh ) within this context. 

We develop compact, analytical expressions to correctly describe resonant, mag- 
netic inverse Compton scattering from relativistic electrons in the neutron star magne- 
tospheres. The objective is to explore the potential for such upscattering to generate 
the high-energy tails observe d in magnetars. These expressions are developed using 
the ( Sokolov & Ternov 1968h (S&T ) basis sta t es, w h ich several group s have shown 
dBaring. Gonthier. & Harding] d2005h : iGrazianil dl993h : iMelrose & Parlel dl983h ) to be 
the formally correct choice of basis states. We develop the description of Compton 
scattering with a resonance that is intrinsically spin-dependent within the context of 
the commonly used J&L as well as S&T electron basis states (Gonthier et al. 2012, in 
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2 



Gonthier, Eiles, Wadiasingh, Baring 



preparation). As indicated in iBaring. Gonthier. & Hardingl (120051) . J&L states do not 
behave appropriately, mixing spin states under Lorentz boosts along the field resulting 
in the lifetimes of the excited states that are incorrectly characterized. Given the broad 
use within the literature of J&L states in resonant Compton scattering, we proceed in a 
parallel analysis of both S&T and J&L basis states. 

The correct formalism of resonant Compton scattering using the spin-dependent 
resonance width developed with proper S&T electron wave functions displays signif- 
icant differences with respect to the traditionally-used cross section with the average 
width, and lesser differences relative to the resonant cross section employing the spin- 
dependent width using the J&L electron wave functions. These were used to compute 
lepton cooling rates for arbitrary magnetospheric locales for interactions with X-rays 
emitted from the surface. The rates generally indicate that cooling in the resonance 
should dramatically lower the electron Lorentz factor as it traverses field lines to mod- 
erate altitudes. We also present inverse Compton spectra for relativistic electrons of 
fixed Lorentz factor, specifically for different observer viewing perspectives relative to 
the dipolar field axis. The spectra were integrated over entire electron transits of closed 
magnetic field loops of various maximum altitudes, but coincident with the plane de- 
fined by the field axis and the observer direction. These spectra displayed an array 
of forms, with a general trend of being harder when the observer views from a hemi- 
sphere opposite to the one where the electron originates. Preliminary indications are 
that spectra close to those observed in 10-150 keV tails in magnetars can be generated 
by electrons that possess Lorentz factors of around 10-50. These strongly encourage 
the development of a full radiation emission model that encompasses electron cooling, 
to explain the AXP and SGR observations; such a more complete model defines our 
upcoming research on this problem. 
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